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Mini-Abstract
Understanding the impact of poverty on bone development in children is important, especially in developing countries where inequalities persist. This study indicates that higher socio-economic status results in greater bone area and mineral content in Black South African children. Poverty alleviation policies may significantly improve growth and bone development.
Introduction
According to the United Nations (2007), sub-Saharan Africa is not on track to reach the Millennium Development Goals target of halving the people in poverty by 2015 [1] . There is a critical need for health inequality research to unpack the potential that social and economic interventions may have on health and development in African children. It has been established that adverse childhood socio-economic conditions are associated with poor physical and cognitive development in children [2] , higher adult mortality [3; 4] , and increased risk of obesity and cardiovascular disease [5; 6] . Socioeconomic status (SES) impacts child development through its association with nutrition, sanitation and hygiene, infection risk, maternal education, maternal stress and depression, physical activity, and stimulation in the home [7; 8] . In addition to SES affecting physical growth and body composition, it may also impact bone development. A UK cohort study demonstrated that higher SES at birth was indirectly associated with increased whole body bone mass in late childhood as a consequence of improved growth [9] .
Under Apartheid legislation, the South African government fostered income inequalities in the country by denying large sections of the Black population access to land ownership and services [10] . In 1990, still under No study has explored the association between SES during infancy and childhood and skeletal development of children within a developing country where considerable inequalities exist within the population. The Bt20 cohort affords a unique opportunity to explore such associations. The aim of this paper is to examine the impact of SES at infancy and later in childhood on bone mass at the whole body and critical bone development sites, the femoral neck and lumbar spine, in a cohort of young South African Black children living in Johannesburg/Soweto. We included two SES time points as we hypothesised that there would be changes in SES over time due to South Africa's transition to democracy and that current SES factors may have a greater impact on bone health, because they were more proximal to the bone measures being observed.
Materials and Methods

Participants
The Bt20 cohort was defined by the timing of a singleton birth within a specified period (late April to early June) in 1990, as well as continued residence within the metropolitan area of Johannesburg, South Africa for at least 6 months after the birth of the child. This region covered approximately 100 square miles at that time, and included close to 3.5 million people with about 400 000 informal housing units. The enrolment methods and profile of the Bt20 cohort have been well documented in several publications [11; 12] . At age 9 years, a purposive sub-sample of Black (n=409) and all participating White (n=114) children stratified by sex, who were enrolled in the Bt20 cohort, were recruited into a longitudinal study assessing factors influencing bone mass acquisition during childhood and adolescence (Bone Health study; BH).
Statistical cross checks were conducted to ensure that there were no significant differences between the Bt20 and BH cohorts for key demographic variables (residential area at birth, maternal age at birth, gravidity, gestational age and birth weight).
We have previously reported racial SES disparities in that all the White families participating in the BH cohort were in the highest quartile using an SES asset indicator [13] . In this study we specifically investigated SES variation within a low SES strata and its concomitant effect on bone mass. Therefore, we included only Black participants from the BH study who had SES data during infancy (between birth and up to 2 years) and SES, anthropometric, bone mass and pubertal data during late childhood (between 9 and 10 years; n=309; 161 (52.1%) males). All participants and their caregivers provided written informed consent and ethical approval was obtained from the University of the Witwatersrand Committee for Research on Human Subjects.
SES questionnaire
Household measures of SES were assessed using an intervieweradministered questionnaire (which has been shown to be valid for a South African sample [14] ) with the caregiver within the first two years after birth (0/2), and again at 9/10 years. The questionnaire captured both social and economic aspects of SES and included: marital status, education (grouped grade category responses at 0/2 years and single grade categories at 9/10 years), types of dwelling, water source and toilet facilities, whether or not there was a range of consumer durables in the home (television, refrigerator, washing machine and telephone) and whether or not the family owned a motor vehicle. Whether or not there was a video machine and microwave in the home was introduced into the questionnaire at 9/10 years to reflect the changing technology available. Furthermore, at 9/10 years, caregivers were also asked whether the child was covered by South Africa's private medical insurance (medical aid). An SES index was created by summing the product of the binary SES variables multiplied by the proportion having each of the SES measures at each time point. Therefore, the ownership of goods in the sample was used to provide a relative weighting by giving more weight to those items more commonly owned.
DXA-derived body composition and bone mass
Whole body composition (total fat mass minus head fat mass (g); lean tissue mass minus head lean tissue mass (g); bone mineral content (BMC) minus head BMC (g)) and whole body bone area minus head bone area (BA, cm 2 ) was used in the analyses as recommended for DXA-derived body composition and bone mass for this age group [15] , and site-specific (femoral neck of the non-dominant hip and mean lumbar spine (L1-L4) BMC (g) and BA (cm 2 )) were measured at ages 9/10 years using a fan-beam DXA model (QDR 4500A; array mode; Hologic Inc, Bedford, MA).
Anthropometry, pubertal development, physical activity and dietary calcium intake Height and weight at 9/10 years were measured with participants wearing light clothing using standard techniques [16] . Pubertal development was assessed by a trained expert of the same sex using Tanner's Sexual Maturation Scale to determine breast/genital/pubic hair development [17, 18] .
Total physical activity (PA) was estimated by using a structured, detailed, retrospective interview taking into consideration all PA and inactivity over the Linear regression models were used to investigate the association of measures of SES at 0/2 and 9/10 years with fat mass, height, BMC and BA at the whole body, femoral neck and mean lumbar spine at 9/10 years in the BH sample. Height and body composition measures were included in the analyses because of their impact on bone mass. Fat mass was log transformed as this variable was not normally distributed. Each binary measure of SES was entered independently into separate regression models for outcome measures of fat mass (logged) and height controlling for age and sex, as well as outcome measures of BA and BMC controlling for age, sex and height (step one). This approach allowed the effect of each measure of SES on each of the outcomes to be assessed whilst controlling for potential confounding factors in the relationship.
Step two of the regression analyses focussed on whole body outcomes (BA and BMC) since this was the only bone mass site that had significant associations with SES (p<0.05) from step one of the analyses. In step two, linear regressions were used to assess the combined effects of the different significant dimensions of SES from step one while considering the pathways through which SES might operate to influence bone and controlling for potentially confounding factors. Variables were entered into the model in blocks. Model A included the measures of SES that were significant (p<0.05)
in the regression models from step one for whole body BA and BMC, whilst controlling for sex, age and height of the child. Including only the significant SES measures reduced potential problems of co-linearity between the measures of SES. The use of an SES index was not used in step 2 of the regression analysis because we aimed to investigate which dimensions of SES, at which ages, were associated with bone development and this would not have been possible using such an index as opposed to the individual SES measures. Assessment of co-linearity between the significant SES measures entered into the regression models revealed no concerns (tolerance of <0.05).
Model B further controlled for pubertal status, whilst Models C and D also controlled for physical activity and habitual dietary calcium intake respectively.
Model E controlled for both physical activity and dietary calcium intake.
Models F and G further controlled for lean mass and fat mass respectively.
Model H controlled for both lean and fat mass together, and Model I, further controlled for whole body bone area (BA) in the case of whole body BMC.
SPSS version 14.0 (Chicago, USA) was used for the statistical analyses. Table 1 compares the mean and standard deviation for each of the variables by the sex of the child. Boys had a significantly higher femoral neck BA and BMC, mean lumbar spine BA, mean lean tissue mass, and calcium intake. Girls had a significantly higher mean fat mass, and more were in stage 2 of puberty.
Results
Cohort characteristics
[Insert Table 1 here] SES over time
The measures of SES at 0/2 and 9/10 years for the cohort and comparable measures in the 1998 South African DHS are presented in Table   2 . There were some marginal improvements in SES over time with more households having indoor running water, inside flush toilets, televisions, refrigerators, washing machines and telephones by 1999/2000 compared to 1990. In addition, more caregivers were married or cohabitating, but had lower education levels which probably reflect shifts in primary care-giving from biological mothers to other caregivers, for example grandmothers and aunts between 1990-1999/2000.
In comparison with the DHS, the BH sample was similar with regard to the proportion of married/cohabiting families and indoor running water source.
However, the BH sample caregivers were better educated and households owned a greater proportion of consumer durables.
[Insert Table 2 here] SES associations with height, body composition and bone mass Table 3 presents the unstandardised coefficients and significance levels of the SES measures entered individually into step one of the regression models for fat mass (logged) and height (controlling for age and sex). Several individual SES items as well as the SES index at birth and 9/10 years were positively associated with fat mass. Only living in a house, cottage or flat at 9/10 years was significantly associated with height.
[Insert Table 3 here]
There were more SES measures at ages 9/10 associated with whole body BA and BMC outcomes than at 0/2 years (Tables 4 and 5 ). None of the SES measures were significantly associated with femoral neck and lumbar spine BA and BMC (data not shown). The caregiver's marital status at 9/10 years was a particularly significant predictor as it was associated with three of the outcome variables (fat mass and whole body BA and BMC). Other SES measures that were highly significantly (p<0.01) associated with whole body BA and BMC were whether or not the household had a television or refrigerator and the SES index at ages 9/10 years.
[Insert Table 4 and 5 here] Table 6 presents the unstandardised regression coefficients and significance levels for the regression models that considered the combined effects of the significant SES variables on BA. Model A included the measures of SES controlling for sex, age and body size (height) of the child.
A positive association was found between SES and whole body BA. Children whose caregiver was married or cohabiting had a whole body BA that was on average 26cm 2 larger than those whose caregivers were not married or cohabiting. The caregiver's marital/cohabiting status was significantly associated with whole body BA until fat mass was controlled for in Model G.
Television ownership was significantly associated with whole body BA once all of the confounders were controlled for in Model H.
[Insert Table 6 here] Table 7 presents the unstandardised regression coefficients and significance levels for the regression models that considered the combined effects of the significant SES variables on BMC. Model A included the measures of SES controlling for sex, age and height of the child. Again, a positive association was found between SES and whole body BMC. Children whose caregiver was married or cohabiting had a whole body BMC that was on average 30g higher than those whose caregivers were not married or cohabiting. Similarly, children who had a television in their home had a whole body BMC that was on average 50g higher than those who did not. The caregiver's marital status and whether or not there was a television in the home at 9/10 years were the SES measures that remained significantly associated with whole body BMC when other SES measures were also included in the models. The caregiver's marital status was significantly associated with whole body BMC until fat mass was controlled for in Model G.
Whether or not there was a television in the home remained significantly associated with whole body BMC until whole body BA was controlled for in Model I.
[Insert Table 7 In these analyses, current SES measures were more significantly associated with body composition and whole body BA and BMC than those measured in infancy. Despite the relationship with whole body BA and BMC, SES had no significant effect on either hip or lumbar spine bone mass. This is not too surprising as the overall impact of SES on the skeleton would be distributed throughout the skeleton and small differences might not be detected at specific regional sites.
Caregiver's marital/cohabiting status (an indicator of improved social and household financial support), and whether or not there was a television in the home (which in the South African context would be an indicator of greater household disposable income), were the most important socio-economic determinants of whole body BA and BMC. These findings illustrate the importance of both social and economic dimensions of SES for bone health.
It appears that the effect of marital/cohabiting status on BA is through its effect on the child's fat mass as the association disappeared once this was controlled for. The effect of marital/cohabiting status on whole body BMC is also through its effect on the child's fat mass as the association disappeared once fat mass was controlled for. The relationship between the presence of a television in the home and whole body BA only became significant once all potential confounders were for. The relationship between the presence of a television in the home and whole body BMC was significant until BA was controlled for. It would appear that television ownership is directly related to BA (bone size) independent of height, and fat and lean mass, but is indirectly related to BMC through its impact on BA. This may seem counterintuitive in light of findings from Australia that suggest that television watching is negatively associated with bone mass and positively associated with fracture risk in children [26] . However, within the South African context owning a television is more indicative of greater disposable income which may relate to better nutrition and not necessarily decreased physical activity. Indeed, we examined this with our data and there were no significant differences in physical activity scores between those who owned a television (median METPA=10.0; 4.6-20.6) and whose who did not (median METPA= 8.1; 5.8-
19.0).
The study results confirm our hypothesis, at least at the whole body, that marginal improvement in SES would affect bone mass. The only other study to explore the association between SES and bone mass in childhood is the Avon Longitudinal Study of Parents and Children cohort in Bristol, UK.
Clark et al (2005) showed that maternal education level at the time of pregnancy exerted two opposing influences on whole body BMC in late childhood (aged 9/10) [9] . On the one hand, better maternal education increased whole body BMC and BA as a result of improved growth (height).
On the other hand, poorer maternal education resulted in shorter children, but their whole body BMC and BA were preserved as a consequence of their greater fat mass, which probably affects periosteal bone formation [9] .
It would appear that the hypothesised complex interaction model between SES and height and fat mass, and consequent impact on bone size and bone mass postulated by Clark et al (2005) from UK data, is not borne out by our study set in a very different socio-economic and transitioning environment for several reasons [9] . In these analyses, current SES factors overshadowed historical SES factors during infancy; and secondly, higher SES (disposable income) was significantly associated with improved whole body BMC independently of height and fat mass, but mediated through a larger BA. It is possible that in a homogenous and higher SES environment such as Bristol, UK, the independent effect of SES on bone mass is not apparent. However, the evidence from this study suggests that SES can influence BMC through height and bone size, and fat mass in a low SES environment.
A limitation of this study is that even though the study sample was demographically representative of the original Bt20 cohort, it was not socioeconomically representative. This sub-sample was of significantly higher SES, thus under representing the poor. Nevertheless, findings show significant associations between SES and BA and BMC and it is unlikely that this pattern would change with a more representative sample. In fact, the magnitude of association would be expected to increase.
We have reported previously that on average pre-pubertal Black To assess the representativeness of the SES profile of the BH cohort at 9/10 years comparisons were conducted with the South African 1998 DHS. Cases selected from the DHS dataset were Black urban females, aged 15-49 years, residing in the capital/large cities within the province of Gauteng. ***p<0.001 **p<0.01 *p<0.05 Model E controls for sex, age, height, pubertal status, physical activity and calcium intake. Model F controls for sex, age, height, pubertal status, physical activity, calcium intake and lean mass. Model G controls for sex, age, height, pubertal status, physical activity, calcium intake and fat mass. Model H controls for sex, age, height, pubertal status, physical activity, calcium intake, lean mass and fat mass. Model I controls for sex, age, height, pubertal status, physical activity, calcium intake, lean mass, fat mass and whole body bone area. ***p<0.001 **p<0.01 *p<0.05.
